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ABSTRACT 
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Brillouin  scattering  is  used  as  a  tool  for  the  study  of  the  internal 
structure  of  oriented  films  of  poly(ethylene  terephthelate).  Splitting 
in  the  longitudinal  spectrum  is  observed  as  the  film  is  stretched,  in¬ 
dicating  that  the  crystalline  region  is  developed  gradually  from  the 
amorphous  region,  and  scattering  from  each  region  occurs  independently. 
The  hypersonic  velocity  data  obtained  from  these  two  regions  are  used 
to  draw  directional  maps  of  sound  velocity  propagating  in  different 
directions  of  the  film.  The  results  are  discussed  and  correlated  with 
a  recently  proposed  model.  The  orientational  parameter  in  the 
amorphous  phase  is  calculated  from  the  hypersonic  velocity  data  as  a 
function  of  stretch  ratio.  The  results  are  found  in  good  agreement  with 
the  published  values  obtained  by  using  a  different  technique. 


INTRODUCTION 


Po1y(ethylene  terephthalate)(PET)  is  an  important  commercial 

polymer  that  has  been  extensively  studied.  Many  polymers  are  known  to 

contain  crystalline  and  amorphous  regions.  In  such  polymers  the 

distribution  and  weaving  of  the  two  regions  determine  the  physical 

properties  of  the  solid.  Oriented  polymer  films  have  such  a  general 

utility  that  it  is  useful  to  understand  deformation  processes  and 

superstructural  details  in  these  materials. 

Although  PET  Is  crystalline  when  cooled  slowly  from  the  melt 

amorphous  polymer  can  be  formed  by  quenching  the  melt.  Films  and  fibers 

of  amorphous  PET  can  be  drawn  into  a  highly  oriented  state.  In  this 

process  structural  changes  occurring  within  the  solid  take  place  on  two 

levels:  molecular  and  supermolecular. 

The  molecular  deformation  in  PET  has  been  characterized  using 
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various  techniques  including  X-ray  diffraction,  infrared,  birefringence 
3  4 

measurements,  and  ultrasonic  measurements.  The  superstructure  in  some 

polymers  including  PET  has  dimensions  comparable  to  a  wavelength  of  visible 

light.  Methods  to  study  superstructural  detail  include  small-angle  light 
5  6 

scattering  (SALS)  and  optical  microscopy,  and  considerable  experimental 
data  have  been  collected  with  these  techniques.  However,  the  detailed 
composition  of  the  superstructure  of  the  oriented  PET  is  still  uncertain. 

Brillouin  light  scattering  is  a  probe  of  the  hypersonic  acoustic 
phonons  which  propagate  in  a  medium.  Sonic  velocity  and  acoustic  attenuation 
information  is  obtained  readily  while  the  medium  is  maintained  at  thermo- 


t 
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dynamic  equilibrium.  In  the  case  when  the  refractive  Index  Is  the  same  for 
the  Incident  and  scattered  light,  the  hypersonic  velocity  in  the  medium  is 
related  to  the  Brlllouin  frequency  shift  by: 

V  =  fB  Ai 

vs  2n  sin(e/2)  (1) 

where  f„  is  the  measured  frequency  shift,  A.  is  the  vacuum  light  wave- 

D  I 

length,  n  is  the  refractive  index  of  the  medium  and  e  is  the  scattering 
angle  inside  the  medium. 

Equation  (1)  is  a  good  approximation  for  PET  because  the  anisotropy 

in  the  refractive  index  is  found  to  be  small  even  for  the  stretched  film; 

furthermore  there  is  negligible  dispersion  for  the  incident  and  scattered 

light.  Measurements  of  Brillouin  scattering  in  media  that  exhibit  strong 
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elastic  or  surface  scattering,  which  include  polymer  films,  have  been  made 
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possible  with  the  multipass  Fabry-Perot  inteferometer.  In  this  paper,  we 
report  a  Brillouin  light  scattering  study  of  the  effects  of  orientation  in 
PET  films. 


EXPERIMENTAL 

PET  was  purchased  from  the  Aldrich  Chemical  Company  as  amorphous 

nuggets.  Films  were  cast  in  a  hydraulic  press  fitted  with  polished  heated 

plates.  The  cast  temperature  was  270°C  and  2  metric  tons  of  pressure  was 

applied  for  10  minutes.  The  hot  films  were  quenched  in  ice  water.  The 
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strongly  adhering  aluminum  foil  jacket  was  dissolved  in  1  M  NaOH.  Regions 
of  the  films  having  an  unblemished  surface  and  uniform  thickness  were 
selected  for  experimentation. 
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The  films  were  uniaxially  oriented  in  a  water  bath  at  80°C  using 
a  manually  operated  film  puller.  The  draw  rate  was  about  100%/min.  The 
final  elongation  was  determined  by  measuring  the  separation  of  marks  on  the 
film  before  and  after  stretching.  A  stretch  ratio  of  4.66  was  found  to  be 
just  less  than  the  break  point  at  this  temperature.  The  films  were  mounted 
in  frames  directly  from  the  puller  so  that  their  tension  was  maintained. 
Annealing  the  PET  films  in  heated  baths  tended  to  reduce  the  optical  quality 
by  making  the  samples  slightly  opaque;  therefore,  the  films  used  in  this 
experiment  were  unannealed. 

The  spectrometer  used  is  a  triple  pass  Fabry-Perot  (FP)  interferometer 

which  provides  high  contrast  resolution  of  the  Brillouin  doublets.  The  FP 

mirrors  are  scanned  piezoelectrically.  The  free  spectral  range  is  30  GHz. 

o 

An  argon  ion  laser  tuned  to  4880  A  and  equipped  with  an  etalon  provides  the 
incident  radiation.  The  signal  current  from  the  photomultiplier  tube  is 
amplified  with  a  picoammeter  and  the  spectra  are  displayed  on  a  chart  re¬ 
corder.  To  protect  the  PM  tube  from  the  intense  Rayleigh  light  from  the 
film  surface,  an  attenuator  is  placed  between  the  sample  and  collection  optics. 
We  use  a  photographic  orange  (02)  filter  mounted  on  a  vertically  swinging  arm 
that  allows  it  to  be  dropped  into  place  as  the  Rayleigh  line  is  approached. 

The  beam  is  focused  to  a  very  small  area  on  the  film  by  a  lens  of  5  cm  focal 
length. 

The  film  thickness  varies  from  0.014  cm  for  the  stretched  film  to  0.011 
cm  for  the  highest  stretched  one.  Because  of  the  small  thickness,  the  inter¬ 
action  cross  section  with  the  laser  beam  is  small.  Furthermore,  in  the  present 
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study  the  laser  power  was  purposely  made  small  to  avoid  overheating  the  film 
with  the  focused  beam.  As  a  result,  scattering  from  the  transverse  phonons 
in  PET  is  faint,  and  is  not  considered  in  the  present  paper. 

The  scattering  geometries  used  are  displayed  in  Fig.  1.  The  90° 
geometry  directs  the  surface  reflections  away  from  the  collection  optics. 

The  180°  backscattering  geometry  was  used  to  check  the  assignment  of  the 
Brillouin  doublets. 

In  the  angular  dependence  experiment,  the  angle  of  the  film  axis  to 

the  beam  is  measured  with  a  calibrated  rotation  stage  having  its  rotation 

axis  in  the  scattering  plane  and  at  45°  to  the  laser  beam.  The  film  is  held 

so  that  the  center  of  rotation  is  in  the  scattering  region. 

The  refractive  index  of  the  films  was  determined  by  finding  the 

critical  angle  of  total  reflectance  at  the  base  of  a  prism  with  a  layer  of 

high  index  liquid  between  the  prism  base  and  the  film.  The  index  of  the 

o 

unoriented  film  is  1.588  at  4880  A  .  The  film  densities  were  determined  by 
the  flotation  method  using  a  tetrachloroethane-toluene  mixture.  The  degree 
of  crystallinity  in  the  unoriented  film  is  found  to  be  less  than  8%. 


RESULTS  AND  DISCUSSION 

Two  sets  of  Brillouin  doublets  are  found  in  the  polarized  spectrum 
of  the  amorphous  film.  One  peak  with  higher  intensity  is  present  at  6.9  GHz 
and  another  peak  with  somewhat  less  intensity  is  found  at  15.6  GHz.  No  peak 
is  observed  in  the  depolarized  scattering  spectrum  in  these  films  despite 
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the  fact  that  depolarized  spectral  peaks  have  been  reported  in  polymer  films. 

The  90°  scattering  geometry  in  Fig.  la  shows  two  incident  light  rays:  The 

■ 
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first  is  from  the  incident  beam  as  it  makes  the  first  pass  through  the  film 
the  second  is  the  reflection  from  the  back  surface  of  the  film.  Thus  for 
the  90°  scattering  there  are  two  scattering  vectors:  q  ,  which  lies  in  the 

plane  of  the  film,  and  q  which  is  tilted  from  the  normal  direction  of  the 
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film.  The  scattering  vectors  involved  in  the  180°  backscattering  geometry  are 
shown  in  Fig.  lb.  When  the  film  axis  is  at  45°  to  the  incident  beam,  the 
same  two  scattering  vectors  are  present  but  the  sequence  of  the  incident  light 
rays  are  reversed.  In  agreement  with  this  consideration,  we  found  the  fre¬ 
quencies  of  the  two  Brillouin  peaks  to  be  the  same  in  both  scattering  con¬ 
figurations  with  the  intensity  of  the  peaks  reversed.  This  result  indicates 
that  the  sound  dispersion  is  negligible  in  PET. 

The  spectra  obtained  in  the  90°  scattering  geometry  have  an  interesting 
feature.  When  the  film  bisects  the  scattering  angle,  it  is  easy  to  show  that 
the  sound  velocity  measured  along  the  stretch  axis  (q^)  is  independent  of  the 
refractive  index  of  the  medium.  In  this  case,  the  sound  velocity  is  given  by: 


While  there  is  a  large  difference  in  Brillouin  frequency  for  peaks  associated 

with  q  and  q  (Fig.  2)  the  sound  velocities  are  expected  to  be  the  same  in 
'1  ~2 

the  unoriented  sample  provided  that  there  is  no  dispersion  with  wave  vector. 

This  result  is  confirmed  as  shown  in  Fig.  3.  The  result  given  in  Eq.  (2) 
is  useful  in  studying  samples  having  amorphous  and  crystalline  regions  that 
scatter  light  independently  since  we  do  not  need  to  know  the  refractive  index 
within  each  region  to  measure  the  sound  velocity  accurately. 

Fig.  2  shows  Brillouin  spectra  of  oriented  PET  films  where  the  scattering 
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vector  q  (and  thus  the  direction  of  sound  propagation)  is  along  the  stretch 
axis  of  the  films.  One  notes  that  as  the  film  is  stretched  and  undergoes 
orientation,  a  shoulder  develops  on  the  low  frequency  band  and  it  splits  into 
two  components.  Moreover,  the  bands  also  shift  to  higher  frequencies  with 
increasing  orientation.  The  observed  apparent  decrease  in  the  intensity  of 
the  two  components  with  stretch  ratio  is  due  to  the  decrease  in  the  thickness 
of  the  films. 

The  films  have  good  optical  quality  and  it  is  possible  to  rotate 

the  films  in  the  scattering  plane  and  change  the  direction  of  the  scattering 

vector  in  the  film.  Fig. 3  is  a  set  of  sound  velocity(SV)  contours  in  the  plane  of 

the  films.  These  are  similar  to  those  obtained  for  polymer  films  by  other 
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workers  using  ultrasonic  techniques.  Brillouin  scattering  measures  the 

sound  velocity  average  approximately  over  a  wavelength  of  light  rather 

than  over  the  bulk  film  dimensions,  as  in  the  case  of  ultrasonic  measurements 

and  thus  reflects  the  microscopic  properties  of  the  polymer  films.  There  are 

gaps  in  the  SV  contours  at  higher  stretch  ratios  due  to  the  fact  that  the 

bands  either  shifted  to  low  frequencies  and  are  covered  by  the  Rayleigh 

scattering  or  the  higher-frenquericy  component  becomes  diffuse. 

Another  interesting  result  in  the  angular  dependence  experiment  is  a 

dramatic  increase  in  the  Brillouin  scattering  efficiency  in  the  oriented 

films  as  the  scattering  vector  approaches  perpendicularity  with  the  stretch 

direction.  Since  the  Brillouin  scattering  cross  section  is  proportional  to 

12 

the  elasto-optical  coefficients,  the  large  intensity  increase  due  to  chain 
orientation  must  correspond  to  the  increase  in  the  Pockel  elasto-optical 
coefficients  (p31  and  p32)  perpendicular  to  the  stretch  direction. 


Sound  velocity  data  are  useful  to  obtain  information  about  chain 
orientation  in  polymer  colids.  Sound  propagation  is  associated  with  the 
forces  between  neighbors  in  the  structure  which  are  stretched  and  compressed 
upon  the  passage  of  sound  waves.  In  polymers  both  intermolecular  forces 
between  adjacent  chains  and  intramolecular  forces,  which  are  the  chemical 
bonds  between  monomer  units  are  involved.  Thus  the  sound  velocity  along 
the  chain  axis  of  the  polymer  is  large  compared  with  that  propagating  between 
adjacent  chains  where  the  intrachain  interaction  forces  are  soft.  As  a 
result,  we  expect  a  directional  anisotropy  in  sound  velocity  in  oriented  poly¬ 
mer  samples. 

One  should  be  cautious  in  assuming  that  the  proposed  mechanism  for 

the  propagation  of  sound  waves  in  solids  with  an  inhomogenous  structure  is 

correct.  We  have  assumed  that  the  interaction  forces  between  adjacent 

particles  and  the  sound  velocity  in  the  medium  are  proportional ly  related. 

Crystals  having  a  layered  two  dimensional  crystal  structure  such  as  mica 

and  graphite  show  a  smaller  elastic  anisotropy  in  the  layer  planes  and  normal 

to  them  than  would  be  expected  when  one  considers  the  extreme  difference  of 

the  intralayer  and  interlayer  force  constants.  It  can  be  shown  that  the 

anisotropy  of  the  lattice  spacing  tends  to  compensate  the  anisotropy  in  the 
7 

force  constants.  To  extend  this  reasoning  quantitatively  to  a  general  polymer 
solid,  one  is  required  to  have  detailed  information  about  the  average  molecular 
spacing  and  conformation  of  polymer  chains  in  the  amorphous  and  crystalline 
regions  and  the  forces  that  exist  between  them.  For  PET  there  is  no  evidence 
which  suggests  that  there  is  anomalous  spacing  between  chains  in  the  crystalline 
and  amorphous  regions.  Our  intuitive  model  for  the  velocity  of  sound  propa¬ 
gation  in  polymers  may  be  reasonable  on  this  basis. 
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Measurements  of  the  sonic  modulus  in  fiber  and  film  samples  have 

been  used  in  combination  with  X-ray  and  birefringence  measurements  to  obtain 

3,13 

orientational  parameters  in  solid  polymers.  This  technique  has  been 
useful  since  it  allows  the  determination  of  the  orientation  parameters  in 
both  the  amorphous  and  crystalline  regions  of  the  solid.  The  assumptions 
involved  in  this  approach  are  the  independence  of  sound  velocities  in  the 
crystalline  and  amorphous  phases  such  that  scattering  from  each  region  may  be 
considered  as  a  separate  elastic  continuum.  Experimental  evidence  using  long¬ 
wave  length  KHz  sound  waves  have  shown  these  to  be  valid.  However,  in  poly¬ 
mers  having  superstructural  crystalline  and  amorphous  regions  with  a  size 
smaller  than  or  comparable  with  the  wavelength  of  light,  these  assumptions 
should  be  used  with  caution.  However,  in  the  case  that  the  sound  velocities 
in  both  the  crystalline  and  the  amorphous  regions  can  be  measured  independently 
it  should  be  possible  to  extract  information  about  the  chain  orientation 
parameter  in  each  region. 

As  seen  in  Fig.  2,  the  band  at  low  frequency  develops  a  shoulder  at 

a  stretch  ratio  of  2.7.  When  the  stretch  ratio  is  increased  to  3.6  and  4.7 

the  spectral  shoulder  separates  into  two  bands.  This  result  is  an  indication 

that  two  distinct  superstructural  regions  in  the  polymer  are  developed.  At 

the  stretch  ratio  of  2.7,  a  considerable  amount  of  crystallinity  is  developed 

in  the  films  in  the  form  of  crystalline  spherulites.  This  is  reflected  in  the 
14  2 

density  changes  and  the  infrared  results.  The  development  of  spherulites 

are  easily  seen  in  our  samples  under  a  polarizing  microscope,  an  observation 

5 

also  reported  by  Misra  and  Stein.  As  the  stretch  ratio  is  increased,  the 
sound  velocity  in  both  regions  increases.  This  is  shown  in  the  plot  in  Fig. 3. 
As  the  film  approaches  the  break  point  at  R$  =  4.7,  the  strain  is  reflected 
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by  an  Increase  In  sound  velocity  across  the  film  (Fig.  3). 

It  is  possible  to  obtain  the  anisotropy  in  formation  regarding  the 
propogation  direction  of  sound  velocities  in  the  film  plane  by  changing  the 
direction  of  the  scattering  vector  in  the  film.  Fig.  4  shows  the  sound  velocity 
maps  drawn  with  this  technique.  The  unoriented  sample  shows  the  expected 
sonic  isotropy.  At  a  stretch  ratio  of  2.7,  the  circle  is  distorted  along  the 
stretch  direction  (SD);  the  velocities  away  from  the  SD  are  the  same  as  the 
unoriented  velocities.  At  a  ratio  of  3.6  there  are  two  regions.  The  oval 
which  develops  with  its  long  axis  in  the  SD  is  clearly  defined.  A  second  shape 
has  also  become  evident  in  which  the  sound  velocity  increases  slightly  as 
the  scattering  angle  approaches  45°  to  the  SD.  At  a  stretch  ratio  of  4.7 
the  oval  in  the  stretch  direction  is  highly  elongated  and  slightly  pointed. 

The  second  shape  has  been  elongated  in  the  SD.  It  should  be  pointed  out  that 
splitting  in  the  high  frequency  peak  corresponding  to  the  back  scattering 
vector  q2  is  not  observed  in  the  highly  oriented  sample.  Since  q2  lies  at 
about  60°  from  the  SD,  it  reflects  mainly  the  scattering  from  the  amorphous 
region,  as  the  scattering  from  the  crystalline  region  diminishes  in  intensity 

when  the  scattering  vector  is  greater  than  45°,  as  shown  in  Fig.  4. 
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Misra  and  Stein  have  proposed  a  model  for  the  superstructure  of  PET 

which  is  oriented  at  80°C.  Their  model  is  an  extension  of  the  model  proposed 

15 

by  Statton  and  Dismore  for  oriented  nylon  6-6  fibers  which  consist  of  ex¬ 
tended  chain  crystallites.  The  model  of  Misra  and  Stein  accounts  also  for  the 
space  filling  amorphous  and  semicrystalline  regions.  For  stretch  ratios 
ranging  from  1  to  1.8,  their  model  predicts  that  rodlike  shapes  are  formed 
within  the  amorphous  matrix  with  the  rods'  long  axis  oriented  in  the  direction 
normal  to  the  stretch.  The  rods  are  non-crystalline.  For  stetch  ratios  of 
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2.7  to  the  break  point,  a  fibrillar  structure  corresponding  to  the  extended 
chain  crystallites  develops  which  is  entwined  with  the  crystalline  spherulitic 
and  amorphous  regions.  At  the  highest  elongations  the  spherulitic  ellipsoids 
are  widened  in  the  SD.  They  have  estimated  the  crystalline  ellipsoid  size  to 
be  about  2-5  pm  in  diameter.  These  shapes  are  not  volume  filling,  the  matrix 
surrounding  the  ellipsoids  is  likely  to  be  oriented  amorphous  or  perhaps 
partially  crystalline  polymer.  Since  these  regions  are  larger  than  a  light 
wavelength  (-0.5  pm)  we  can  justify  independent  scattering  to  occur  from  each 
region.  Thus,  it  should  be  safe  to  assume  that  the  regions  with  the  highest 
sould  velocity  parallel  to  the  SD  are  associated  with  the  oriented  amorphous 
region  and  the  regions  with  the  high  sound  velocity  at  45°  to  the  SD  are  with 
the  deformed  crystalline  spherulites. 

The  effects  of  orientation  on  the  crystalline  and  amorphous  regions 
are  seen  from  our  data  to  be  fundamentally  different.  For  stretch  ratios 
of  3.6  and  4.7,  the  direction  of  highest  sound  velocity  in  the  crystalline 
regions  is  about  45°  to  the  SD.  The  sound  velocity  in  this  region  is  ex¬ 
pected  to  depend  on  the  direction  in  which  the  crystal  axes  have  a  preferred 
alignment  or  where  the  aggregate  crystallites  have  an  anisotropic  arrangement. 
To  identify  the  effect  as  being  due  to  an  axial  crystallite  alignment  we 
need  to  know  the  variation  of  sonic  velocity  along  the  crystal  axes  of  a  PET 
crystallite.  To  our  knowledge,  this  data  is  not  presently  available.  The 
effect  might  also  be  due  to  a  variation  in  the  crystalline  "packing"  with 
direction  in  this  region.  This  would  be  consistent  with  Stein  who  proposes 
the  rate  of  chain  fold  crystallization  is  greater  perpendicular  to  the  SD. 

The  effect  of  orientation  may  be  to  tilt  layers  of  chain  folded  crystallites 
from  the  SD  perpendicular. 
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The  propagation  velocity  of  a  sound  wave  In  partially  oriented  polymer 
molecules  Is  approximately  related  to  the  orientation  function < cos20>  by: 

1  _  1  -  < cos2e>  +  <  cos2e> 

v2  "  Vi2  v,i 

where  e  Is  the  angle  between  the  direction  of  sound  propagation  and  the  poly¬ 
mer  chain  axis.  and  V|(  are  the  limiting  velocities  of  a  sound  wave  for 

a  hypothetical  sample  in  which  the  chain  axes  of  all  molecules  are  perpendicular 
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and  parallel  to  the  direction  of  sound  propagation  respectively.  Mosely 
has  made  the  simplifying  assumption  that  intramolecular  forces  along  the 
chains  are  much  larger  than  intermolecular  forces  between  adjacent  chains 
thus  V | |  may  be  set  equal  to  infinity  and,  as  a  result  Eq.  (2)  simplifies  to: 


when  Vy  is  sound  velocity  of  the  unoriented  polymer.  We  have  used  V^2  _ 

2  V  2  to  relate  the  unoriented  and  transverse  velocities.  Thus  Herman's 

3  u 

orientation  function  is  related  to  sonic  velocities  as: 

V 

\  [3s  cos2e>  -  1]  =  o  -  1  -  (— y-)2 

With  this  basis  and  having  identified  the  scattering  from  the  amorphous  region 
we  have  calculated  o  for  the  amorphous  phase  along  the  stretch  axis  (Fig.  1) 
using  the  Brlllouin  sound  velocities.  The  results  are  shown  in  Fig.  5.  Also 
shown  are  the  values  of  a  from  Ref.  3  that  were  obtained  with  KHz  sonic 
velocities.  X-ray  diffraction,  and  birefringence  measurements.  The  two  data 
sets  are  in  reasonably  good  agreement.  These  workers  suggest  that  the  threshold 
for  crystallite  formation  is  a  *  .75.  Our  data  approaches  this  value  at  higher 
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draw  ratios. 

To  our  knowledge  this  Is  the  first  method  which  measures  the  amorphous 

orientation  function  directly  and  with  a  fair  degree  of  precision,  without 

requiring  supplementary  data.  However,  It  should  be  noted  that  Brlllouln 

measurements  of  the  amorphous  phase  orientation  is  only  possible  In  polymers 

having  superstructural  regions  that  are  at  least  as  large  as  the  wavelength 

of  light.  In  crystalline  polymers  having  smaller  superstructural  details  we 
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have  not  observed  this  independent  scattering. 

The  above  discussion  has  not  taken  Into  consideration  the  detailed 
symmetry  change  of  the  crystallites  after  the  film  is  stretched.  Neither 
has  the  effect  of  double  refraction  of  the  Incident  and  scattered  light  beams 
on  the  longitudinal  phonon  corrected.  However,  since  this  paper  Is  concerned 
mainly  with  the  study  of  the  effects  of  phase  separation  on  the  Brlllouin 
scattering  spectra  and  the  quantitative  effect  of  chain  orientation  on  the 
change  of  the  longitudinal  phonon  velocity  in  the  amorphous  region,  the 
orientation  of  crystallites  and  double  refraction  will  play  only  a  minor  role 
in  affecting  the  result  of  this  paper.  This  Is  especially  true  In  the  PET 
system  as  scattering  from  the  crystallites  Is  found  to  be  independent  of  that 
from  the  amorphous  region,  due  to  the  fact  that  dimension  of  the  superstructure 
is  greater  than  the  wavelength  of  light  In  the  highly  oriented  films.  With¬ 
out  a  doubt,  the  double  refraction  will  affect  the  spectral  intensity,  but  its 
effect  on  the  phonon  frequency  Is  negligible,  especially  in  the  PET  system 

for  which  the  birefringence  measured  for  PET  with  draw  ratio  equal  to  4.5 
20 

Is  0.21.  Scattering  from  the  extraordinary  ray  will  give  the  intensity  below 


our  detection  level. 


SUHMARY 


Brillouin  light  scattering  is  used  to  study  the  internal  structure 
of  oriented  films  of  poly(ethylene-terephthalate).  Brillouin  scattering 
was  observed  to  occur  independently  from  the  crystalline  and  amorphous 
regions  In  the  superstructure.  Sound  velocity  data  from  these  two 
regions  are  used  to  draw  directional  maps  of  the  sound  velocity  in  the 
films  and  are  shown  to  give  structural  information  for  both  regions. 

The  results  are  discussed  qualitatively  and  correlated  with  a  recently 
proposed  model.  The  Herman  orientation  parameter  in  the  amorphouse 
phase  is  calculated  for  a  series  of  draw  ratios  using  the  hypersonic 
velocities.  The  results  are  in  agreement  with  published  values  which 
were  obtained  by  a  different  method. 
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A  diagram  of  the  two  scattering  geometries  showing 
the  scattering  vectors  in  the  films.  The  view  is 
across  the  film  thickness.  The  largest  scattered 
intensity  arises  from  the  scattering  vectors  sub¬ 
scripted  1. 

Brillouin  spectra  as  a  function  of  stretch  ratio; 

V  V  polarization  and  the  90°  scattering  geometry. 

The  q,  scattering  vector  is  along  the  SD. 

The  sound  velocities  along  the  stretch  axis  as  a 
function  of  stretch  ratio.  Lower  curve:  sound  velocity 
across  the  film  thickness.  Upper  curves:  sound  velocities 
in  the  crystalline  (middle)  and  amorphous  (upper)  super- 
structural  regions. 

Sound  velocity  in  the  films  plotted  in  polar  coordinates 
showing  the  directionality  of  the  sound  velocity  in  each 
region.  The  isotropic  shapes  at  low  sound  velocity  in 
each  map  is  from  the  scattering  vector  tilted  from  the 
film  normal. 

Herman's  orientation  function  parameter,  a,  for  the 
amorphous  phase  plotted  as  a  function  of  stretch  ratio. 

•  our  data  A  data  of  ref.  3. 
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